Substituted cycloalkenopyridines are found in a variety of naturally occuring, biologically active compounds, and a range of synthetic methods to this class of compounds exist.
More recent approach employs a two-step intramolecular Diels-Alder cycloaddition/retro-cycloaddition reaction of 1,2,4-triazines with inverse electron demand, involving extrusion of nitrogen molecule.
3) The approach used is outlined in Chart 1, and is focused on the construction of the key dienophilic intermediate. The synthesis of the latter is effected by nucleophilic displacement of methylsulphinate from 3-(methylsulphonyl)-1,2,4-triazine with active methylene compounds bearing the dienophilic side-chain on the reacting carbon atom. However, in some cases, a serious limitation for the above approach is rather difficult access to suitable substrates. 3) On the other hand, it is well documented that 1,2,4-triazines with functionalized alkyl substituents can be achieved in a more direct way by nucleophilic substitution of hydrogen. 4) Among many variants of this process, the most general appears to be vicarious nucleophilic substitution (VNS), which proceeds when the reacting carbanion contains leaving group X at the carbanionic center.
5) This reaction enables the preparation of a wide variety of the desired C-substituted derivatives via nucleophilic substitution of hydrogen in the 3-, 5-or 6-positions of the 1,2,4-triazine nucleus. 5a ) Subsequent alkylation of such obtained products (9, 10) with alkyl iodides bearing an acetylenic unit in terminal position, followed by intramolecular cycloaddition involving the extrusion of molecular nitrogen, offered the synthesis of the titled cycloalkenopyridines possessing a high degree of complexity (Chart 2). It would be more difficult, or almost impossible, to achieve this by the intermolecular cycloaddition between triazine derivative and appropriately substituted enamine or other dienophile.
Continuing with our ongoing interest in the preparation of biologically active fused heterocycles, we present herein an improved synthesis of the cycloalkenopyridines functionalized in both rings, starting from 1,2,4-triazines, and using as the key steps: (1) vicarious nucleophilic substitution, and (2) intramolecular Diels-Alder reaction. The reaction sequence presented above has never been examined. We have started our investigations with easily available 5-phenyl-and 3-methylthio-5-phenyl-1,2,4-triazines (1, 2). These highly electrophilic derivatives, when reacted with a-chloromethyl aryl sulphones (3: RϭPh, 4: RϭTol), a-chloromethyl N,N-dialkyl sulphonamides (5: Rϭmorpholino, 6: Rϭpyrrolidino, 7: RϭNMe 2 ), and a-chloromethyl sulfonic acid ester (8: RϭOCH 2 -Bu t ), in the presence of an excess of potassium hydroxide in dimethyl sulfoxide (DMSO) at room temperature, resulted in formation of VNS products 9a-f and 10a in good yields (Chart 2, Table 1 ).
To establish optimal conditions for alkylation, the reaction of triazine 9a with 5-iodo-1-pentyne (11) was investigated first. In order to optimize this step a variety of base/solvent systems were tested (NaH/THF, NaH/DMF, tert-BuOK/THF, KOH/DMSO, K 2 CO 3 /DMF, etc.) under various conditions: temperature (Ϫ40 to 155°C) and reaction time (2 to 50 h). The highest yield of 5-phenyl-3-[1-(phenylsulphonyl)-5-hexynyl)-1,2,4-triazine (13a) was obtained in NaH/DMF at 0°C (3 h, 94%), and the conditions found were applied to the preparation of the acetylenic key-intermediates 13b-i and 14a, g, respectively. The results of the alkylation of 9a-f and 10a with 4-iodo-1-butyne (11) and 5-iodo-1-pentyne (12) are compiled in Table 1 . Isolation of the Diels-Alder precursors 13g-i after the reaction of 9a-c with 4-iodo-1-butyne (12) was complicated by their propensity to undergo fast [4ϩ2]-cycloaddition. In some cases of formation of 5-membered rings, the cycloaddition occured spontaneously at 0°C to 2,3-cyclopentenopyridines. To complete cycloaddition crude reaction mixtures containing 13g-i were heated in bromobenzene to reflux for a short period of time to give the Diels-Alder cycloadducts, which, after spontaneous extrusion of nitrogen moiety, led to the desired products 15g-i in good yields (Chart 2, Table 2 ). The bulky substituents (SO 2 R) at the a-position of the side chains attached to C-3 or C-6 in triazine ring probably accelerated this process (Thorpe-Ingold effect 6) ). The intermediates 13a, 13g could be also obtained in onestep synthesis from the respective triazine derivative 1 in the reaction with tertiary carbanions 17 and 18 bearing dienophilic side-chain. However, attempts to prepare these compounds by this method, probably due to considerable steric hindrance, lead to the desired products (13a, g) only in low yield (Chart 3, Table 1 ).
Synthesis of several 5,6,7,8-tetrahydroquinoline derivatives, 15a-f, proceeded analogously to the 2,3-cyclopentenopyridines 15g-i. As expected, the rate of the cycloaddition reactions was substantially slower due to the longer carbon chain linking diene and dienophile. In order to optimize the yields, different solvents (dioxane, bromobenzene, 1,3,5-triisopropylbenzene, methylene chloride) were examined, and the best results were obtained for bromobenzene while the reaction mixture was heated to reflux. Terminal acetylenes tethered through a carbon atom at position 6-in compounds 14a, 14g afforded in 1,3,5-triisopropylbenzene 5,6,7,8-tetrahydroisoquinoline 16a and 3,4-cyclopentenopyridine 16g, respectively, in moderate yields ( Table 2) .
The attempts to isolate the cycloadduct 19, which has never been observed before, failed. Several attempts to realize this on model compound 13b in CH 2 Cl 2 under high pressure (12-16 kbar, 20-60°C) led directly to the product 15b, or the starting material was recovered.
In conclusion, the tandem VNS and intramolecular inverse-electron-demand Diels-Alder reactions on 1,2,4-triazines constitute a versatile method for preparation of a vari- 
; also, compound 10a (RϭPh) was obtained according to the method described earlier in the literature. 5a) b) Mrph stands for morpholine, Pyrl-for pyrrolidine. c) They were also obtained according to the scheme shown in Chart 3 (yields: 13a, 26%; 13g, 8%). d) Crude product was directly used in Diels-Alder cycloaddition.
Chart 2 ety of functionalized cycloalkenopyridines. Some of them are compounds of significant importance. They possess potent antishock, 7) tuberculostatic, 8, 9) and antimalarial 10) properties. The biological tuberculostatic activity of the compounds described in this paper is now under investigation.
11)

Experimental
1 H-NMR spectra were recorded with Varian GEMINI-200 and Varian 360 spectrometers operating at 200 and 360 MHz, respectively. Coupling constants J are expressed in hertz [Hz] . IR spectra were measured with a Unicam SP-200 spectrometer and mass spectra were measured with an AMD 604 (AMD Intectra GmbH, Germany) spectrometer [electron impact and liquid secondary ion mass spectrometry (LSIMS) methods]; m/z values are given as a % of relative intensity. Melting points are uncorrected. TLC analysis was performed on aluminum foil plates precoated with silica gel 60F 254 Merck. Silica gel 200-300 mesh (Merck AG) was used for column chromatography.
The starting carbanion precursors were obtained according to methods described earlier in the literature: a-chloromethyl phenyl sulphone (3), 12) achloromethyl p-tolyl sulphone (4), 13) chloromethanesulphomorpholide (5), 14) N,N-pyrrolidino(chloromethane) sulphonamide (6), 14) N,N-dimethyl-(chloromethane)sulphonamide (7), 15) and neo-pentyl chloromethanesulphonate (8).
16)
Alkylation of a a-Chloromethyl Phenyl Sulphone (3). General Procedure. To NaH (27 mg, 1.1 mmol; washed with Et 2 O from 60% oil suspension) in DMF (3 ml) chloromethyl phenyl sulphone (3; 191 mg, 1.0 mmol) in DMF (3 ml) was added via syringe at 0°C during 5 min. The mixture was stirred at this temperature under argon for ca 15 min. Then, 5-iodo-1-pentyne (214 mg, 1.1 mmol) in DMF (1 ml) was added, and the reaction mixture was stirred at 0°C for 2 h. The mixture was poured onto water with ice, acidified with AcOH, and extracted with Et 2 O (3ϫ30 ml). The combined organic layers were dried with MgSO 4 , and the crude product was purified by column chromatography using a CHCl 3 /n-hexane (100 : 1) mixture as eluent to give 189 mg of the desired product 17; oil, 74% yield. Vicarious Nucleophilic Substitution of Hydrogen. General Prcedures Procedure A. KOH/DMSO System: To a stirred suspension of powdered KOH (4.0 g, 71 mmol) in anhydrous DMSO (20 ml) a solution of triazine derivative 1-2 (10.0 mmol) and a carbanion precursor (3-8; 11.0 mmol) in DMSO (5 ml) was added dropwise via syringe at room temp. during ca 5 min. After additional 1 h of stirring the mixture was poured onto water with ice and acidified with aqueous 5% HCl. The solid was filtered to give crude products 9a-f and 10a, which were purified by crystallization from an EtOH/H 2 O mixture.
Procedure B. KOH/DMF System: To a stirred suspension of powdered KOH (600 mg, 10.7 mmol) in anhydrous DMF (6 ml) at 0°C a solution of triazine 1 (158 mg, 1.0 mmol) and a carbanion precursor (17, 18; 1.0 mmol) in DMF (3 ml) was added dropwise via syringe at 0°C during ca 5 min. After additional 2 h of stirring at this temp., the mixture was poured onto water with ice, acidified with AcOH, and worked-up as in Procedure A to give the desired products: 13a, 98 mg (26%), 13g, 29 mg (8%).
5-Phenyl-3-phenylsulphonylmethyl-1,2,4-triazine (9a): Data see lit. : 3290, 1320, 1170. Alkylation of VNS Products 9a-f and 10a with Alkyl Iodides. General Procedure. The suspension of NaH (27 mg, 1.1 mmol; washed with Et 2 O from 60% oil suspension) in DMF (3 ml), cooled to 0°C, was stirred for 15 min under argon. Then, the triazine derivative (9a-f or 10a) (1.0 mmol) and 5-iodo-1-pentyne (or 4-iodo-1-butyne) (1.0 mmol) in DMF (3 ml) was added via syringe at 0°C during 5 min. The reaction mixture was stirred at 0°C for ca 2-4 h (TLC monitoring). The mixture was poured onto water with ice, the precipitate was filtered, and the crude product was purified by column chromatography using a CHCl 3 /n-hexane mixture (100 : 1) or CHCl 3 as eluent. Yields -see Table 1 . Crude products 13g-i, due to their instability, were directly used in Diels-Alder cycloaddition. An analytical sample of compound 13g was purified by column chromatography for characterization (for data see above).
Cycloaddition Reaction. General Procedure. In a round-bottomed flask (100 ml) equipped with a reflux condenser, under argon, the triazine derivative (13a-i, 1.0 mmol) was dissolved in bromobenzene (20 ml; compounds 14a, g in triisopropylbenzene), and the reaction mixture was heated to reflux. The reaction was monitored by TLC (reaction time-see Table 2 ). The solvent was distilled in vacuum and the residue was chromatographed using CHCl 3 as eluent to give the desired products 15a-i and 16a, g. 
